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Abstract 
This document presents the development of a friction modulation tactile rendering system based on thin-film AlN transducers 
on glass substrate. An analytical model and finite element simulations prove that the A0 Lamb wave is the best bending wave to 
reach the specifications required for tactile rendering. According to simulations, a 40×30 mm² device is fabricated with two rows 
of AlN transducers: one row to generate the A0 standing wave and the other to detect any variation during the wave 
establishment. Electrical and mechanical parameters of the system are extracted from measurements in order to generate the 
lowest power consumption system. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Targeting the mobile device market, the tactile feedback systems have to fulfill the integrations constraints of 
smartphone or touchpad makers. Based on the squeeze film effect [1], the modulation of the friction between the 
finger and the actuated plate create textural sensation for the user.  
Among the challenges, low power consumption, small dimensions, transparency and electromechanical 
efficiency of the actuators are required to integrate tactile devices. Using thin film Aluminium Nitrite (AlN) 
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piezoelectric material, mainly known for resonator technology [2], for the actuation of a glass plate, we create a low 
power consumption system while responding to haptic rendering specificity: a working frequency upper than 
25 kHz and a displacement amplitude of at least 1 µm. 
This paper reports on the design, the fabrication and the characterization of such a device. Thin-film transducer 
parameters are extracted from measurements in order to reduce the power consumption of the global system.  
2. Design 
The mode that provides the best tactile rendering is the flexural anti-symmetric Lamb mode (A0). The device 
considered in this study is a 40×30 mm² glass slab with a thickness of 700 µm (Fig. 1) taking into account the glass 
substrate properties: Young’s modulus E = 73.6 GPa, Poisson’s ratio ν = 0.23 and mass density ȡ = 2.38 g.cm-3 [3]. 
Using the substrate parameters, an analytical model based on the A0 Lamb wave propagation on a finite plate [4] 
has been developed in order to obtain the resonance frequencies. A finite element (FE) approach with the 
commercial software ANSYSTM gives a more refined value of the natural resonance frequencies of the flexural 
modes (Table 1). 
Table 1. Resonance frequencies of the flexural mode
Number of antinodes Analytical frequencies (kHz) FEM frequencies (kHz) Relative error (%) 
5 34.4 33.8 1.8 
6 46.8 47 0.4 
7 60.5 62.2 2.7 
8 76 78.6 3.3 
9 93 98.8 5.9 
Selecting the 34 kHz mode, AlN transducers are centered on an anti-node and designed in order to generate and 
detect the maximum deformation [5]. Actuators and sensors are placed on two opposite rows. Each row is composed 
by three transducers connected in parallel. The surface of a single transducer is 2.5×9 mm² (Fig 1). 
3. Fabrication 
Devices were manufactured out of 200 mm glass substrates metalized on the reverse side of the device to allow 
optical measurement. Transducers consist in a stack of a 2 µm thick AlN between 200 nm thick Molybdenum (Mo) 
bottom and top electrodes. The entire stack is passivated using silicon dioxide and the electrodes are connected with 
Au tracks. AlN transducers are patterned directly on glass thanks to low temperature Pressure Vapor Deposition 
(PVD) [6] and lithography-etching techniques. 
Finally, glass wafers are sawed and each chip is placed on an individual carrier. The mechanical plate is 
supported by the carrier thank to an adhesive tape stuck at node points of the vibration of the tactile display. The low 
rigidity of the adhesive allows us to consider the vibrating slab as a free-free plate.  
Fig. 1. 40×30 mm2 glass slab with AlN transducers. 
1312   F. Bernard et al. /  Procedia Engineering  87 ( 2014 )  1310 – 1313 
4. Characterizations 
4.1. Electrical characterizations 
Using a Vector Network Analyser (Agilent E5061B), the impedance of the actuators is recorded around the 
34 kHz working frequency considered in simulation (Fig. 2(a)). Using the Butterworth Van-Dyke (BVD) [7] 
electromechanical equivalent model (Fig. 2 (b)), AlN electrical properties are extracted from the impedance 
measurement of the actuators. 
Fig. 2 (a) Nyquist representation of the impedance of the actuators at 34 kHz (b) BVD model of the actuators around the resonance frequency. 
In the lumped parameter model, R represents the connection resistance and R0 corresponds to dielectric losses in 
the AlN film. C0 is the piezoelectric capacitance and C1, L1 and R1 are coefficient related to the electromechanical 
transduction. 
Using this model, we found that the dielectric losses correspond to a tan į = 0.14 %. The dielectric constant for 
the AlN film is equal İ = 10.4×İ0 F.m-1 and the effective coupling coefficient kt calculated with the frequency at the 
maximum and the minimum of the modulus of the admittance is equal to 1.11 %. These experimental results are in 
good agreement with data reported on AlN films deposited on silicon substrates [3]. 
4.2. Mechanical characterizations 
The slab is excited harmonically using an AC voltage of 1 V in amplitude applied to the actuator row. Using a 
laser interferometer placed on the middle of a transducer, we measure the vertical velocity in this point. Therefore, 
the displacement is obtained by dividing this velocity by the angular frequency. Fig. 3a is the result of the 
displacement for frequencies between 30 kHz and 100 kHz. A good agreement is obtained between these 
experimental results and the predicted resonant frequencies of the A0 Lamb modes (Table 2).  
Table 2.  Comparison between FE simulated and measured resonance frequencies of the flexural mode 
Number of antinodes FEM frequencies (kHz) Measured frequencies (kHz) Relative errors (%) 
5 33.8 34 0.5 
6 46.8 47 0.4 
7 62.2 62 0.3 
8 78.6 78.5 0.1 
9 98.8 98.2 0.6 
A mapping has been performed at the main peak observed (34 kHz) on the reverse side of the slab (Fig. 3b). The 
spatial periodicity of the acquisition is 1 mm in x and y directions. Due to the linearity between the displacement 
amplitude and the applied voltage, the specification of 1 µm needed for the haptic rendering can be reached with an 
AC voltage close to 60 V reducing by two the applied voltage used for bulk ceramic transducers made with high 
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coupling materials like PZT [1]. 
Fig. 3. (a) Displacement of the glass slab with VAC=1 V (b) Optical measurement of the glass slab at 34 kHz with VAC=57 V  
For 1 µm displacement, we measure an RMS electrical power of 53 mW. Using the BVD-model with the 
extracted coefficients related to our actuators, we simulate the electrical behavior of our system. In this simulation 
performed with LTSPICETM, we find a RMS power consumption of 55 mW. These data are in good agreement and 
are the preliminary stages of the global simulation of the haptic slab. 
5. Conclusion 
For the first time, a low power consumption and highly integrated tactile display based on thin-film AlN 
transducers on glass substrate has been experimented. Electrical parameters of the transducers have been obtained 
using the Butterworth Van-Dyke model. These results will be used for an impedance matching in order to optimize 
the power consumption of the system. In future work, the voltage obtained from the sensors will be exploited to 
observe any variation of amplitude and frequency shift due to external constraint such as finger pressure or 
temperature. Based on this approach, a feedback loop could be designed, providing the best amplitude in every 
circumstance. 
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